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AMTRACT

We have&velopai a simpk tcchniqu for cktmnining hydrogen atomic fmclkm kn
him Ixkwming qmromeuy (IBS) siguals of b rmaisdng spczie& This
tcdtn~~ uses rhe surf= heightsof various lBS signals in tk form of a k _
e@dltL We apply this _ m in siw analysis of bdleam-~ &ndkadm
of Sol-pl - thin films, where hydrogen is tb most volatik S@CS during

Atmulantarm amdiscussedwidaanemphasisoa steppingpwers ad
Bragg’s*

INTRODUCTION

We have shown previously that sol-gel zhCcmia thin films can bcdUlsifMviati
hdiatkm immd Of convcitdod b UCaanCnt[1]. ‘TIM fdms unckrgo chetnicd ad
srmcmral changcsdwing tiawhkhtil~m~l~ Ourinwrcstbcsin
determining the relative ram of S*S IOSS of * films. Thscmghdw use of m

implantation chamber that allows in situ ion Mm andysk k dctdkdcxt
phenomenoncan be mtmitmed with minimumvarbtion of expuimcntal parameters(2].

The pw’pse of this ~ is to implement a method wbreby hydrogen COnWU in ●

ssmple containing n atomic _ can be compua fkmt the ion ~g
spccuum signal heights of h n-1 remaining s@ea. M prusence of hyti~m ●

species hidkn to [Bs,hmeasesthestopping power per unit hydsugen-fke target atom
therebydtcing signalhcighuof h Visibk spcia. Ttw ‘&kits’ in tk signal heighu
provkk the quantitaave infmmtadonnecessaryfm computing tlM hydsogen COntCnL

Sol-gel zkonia thin films contain five components: zirconium, oxygen, catbOtL
hydrogen,and hafniurn, stig wi~ M expessi~ of surface sipl heights for ~h of

the four visible components and using the consmatia caxlidon, a system of flw
equations in five unknowns can be wi~ which can than b solved for the atomic
fractionof each compcment such that

Sx=[oooo l]r+x=s-’[ooool]r (1)

where s is a stopping power mati wnjuga~ with the conservation ccmdib’1, X 1S

M atomic fraction masix, such that xj is the atomic l%acticmof species j. Each ebment
of the stopping powermattix, s, is given by

.



(2)

Whm [C.] is the stopping power factor taken in tk surf= energy apgxoxirnakn for

ScatWdng fiwm species i [3] and stopping in spcies j, 6J is h ~ *
f_ Qistheti numkof&m_lM, $listk~solid~=is
the Chamlckmmgy conversion f~, elistkenmnce angkofthci.nckkm beam
withtespctto the sti~ normal ~,(E~) is the scanming crosJ-section from spies i
eval~ at h inci&nt q, E@,d ~, is the IBS signal sut’kc. heightof spu5es j.

S- hydrogen is not m~k by IBS tin its c~spnding height updcm is
qk-bythcconscmation condition,q=].

AS the sample spectrum consis~ of four isolated peaks, the arcal (MM@ of ~
visiblesocciesas ca,lculati fromthe peak areL could be used to reduce the above set of
~UUkM’Mtc five Iincariy dqmdcnt equations in one unknown, the atomic fmction of
hydrogen. However OnlY~ kigh~ ~ U~ km m illustrate the extension of the
methodto thickertargets,the dCpCIMof which~ not probable by the analysis lxsm.

Tlw uncmainty % a function f can k CS,Icdiitcd by varying each expimentd

p9tWlR= xi by its untxmainity CJiti summing in q~ over d p~e=
accmding to the followingapproximation:

d “z ( )J(xi + ‘i)- f(xi - C,) 2

i 2
(3)

Note LhatCT*in thiscontext is the varianceof the function f not the scatteringcross-
scaion used in &q.(2).

An oftenoverlooked componentof unceminty is not incluckd in Eq. (3), and = such
fcqu.ks ~ tiknti~.Theaccuracyof Bmgg’snde predictions of stopping powor in
a multklement -t is an issue that h~ k th~ughly summarized [4]. As the
resultsof the test of Bragg’sNle ~ “USWyin & form of fiactiti deviadons from tk
pfaiiclion, we prornulgac this idea by scaling its prediction by the same amount. A
summ~ of rdevanf literature suggeststhat 5% is a pr@cnt figure for a typical deviation.

EXPERIMENTAL

A film of so~-gel zirconia ww &@t~ OIICOa [ In]-orienti silicon wafer, A two

cm square piew of that wafer was installed into the end station of a 2(XIkV implantcr
withaninterconnected3 lvfV analysis m]mfm M &tibcd ekwhcrc [2],

‘h Illethddogy Outhd in @s,(]) ~ (2) was hnpknen;ed in MATHCAD USing
stopping power data from TRIM. TIw mcth~ wss tested agfinst r,h~tical simulations
from RUMPand direct measummenu USingfowti recoil energy spemometry (FRES).
The height of the silicon substratesignaJwas USeCIas u measure of the total integrntd
charge-solidangle ptium



L
3msBmd % w
sump&mL 80’

3000
2X1W Ar+”/d

3 2x1O* &+”/am’

g 2000
U d~

:

1000
t

-A
-B
-c

CBA
llt- I

A
B

c

E

o~
300 400 500 600 700 800 900

Chanael

Figure 1. IBS s- of Ar implanted sol-gel zircda on a Si subsuata. S*
markemarc gwen for Hf, Z, 0, and C.

Twelve IBS spectra, some of which am shown in Fig. 1, wore p~sscd ~dhg m
Eq. (1) ad tie hydrogen ammic fractionremaining in the film is given in Figs. 2a d b.
Fig. 2a depicts k results on a li~ plot whereasFig, 2b shows h same diua rcplm
widi a Iogarifhmicabscissa. In both ~~ ~ ck ucnd is ~n as hydrogen Ieavas Ik
fdm. T’lmCIIU bars in Fig. 2a rcprcscnr conmbuticm from random un=Mucs ~
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CONCLUDNG REMARKS

We havedevclqmd● sunpl,c mew for compnmkm ofhy~n ccm~ in&&
filmsusingonlyIBSsignallwighn.Tlmmcthcnihas& @ncmsmd fm a sysmm
w~tk~ofhxl~s i~ofm~in~~wtiw vdIMt)f

C~pOSitiUL ~ _ conrnburcm to tk 2hSOhlm luWmMy of the Compumd
hydxogeo ar,nmktiuathc UmrR.incia indwwppi.ng-ti thepomntial
dCVkkXlill R~gg’~ m XCX& ~ W~ WMse by h AMly Rc=h
~cc (FL Rccber, Con- No. DA.A.IJ)3-W-K-0154). Ackrmwlaigmem.s arc due to
Cakb Evans and Mmk Hollandcrc#rh Ion Bcam~lAm.axytiLosAIMTKM
~ationd hbO1’2UY. mu Wti sux in partby dWU.S. ~pL OfF-.
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